A new oscillation criterion is given for general superlinear ordinary differential equations of second order of the form x"(t) + a(t) f [x(t)] = 0, where a E C( [to, co)), f l C(R) with yf( y) > 0 for y # 0 and I:;" [l/f(y)] dy < co, and f is continuously differentiable on R -{0} with f'(y) > 0 for all y # 0. The coefficient a is not assumed to be eventually nonnegative and the oscillation cirterion obtained involves the average behavior of the integral of a. In the special case of the differential equation x"(t) + a(t) lx(f)ly sgn n(t) = 0 (y > I) this criterion improves a recent oscillation result due to Wong [Oscillation theorems for second-order nonlinear differential equations, Proc. Amer. Math. Sot. 106 (1989), 1069%10771. 0 1992 Academic Press. Inc.
INTRODUCTION AND STATEMENT OF THE RESULT
The purpose of this paper is to establish a new oscillation criterion for second order superlinear ordinary differential equations with alternating coefficients. For such equations several oscillation criteria have been obtained which involve the average behavior of the integral of the alternating coefficient (see, for example, [ 1, 3, 4, 7, 8, l&15, 17-221) . These tests have been motivated by the classical averaging criteria of Wintner [16] (and its generalization by Hartman [S, 63) and Kamenev [9] for the linear case.
Consider the second order nonlinear ordinary differential equation The special case where f(y) = 1 yl' sgn y, y E R (y > 1) is of particular interest. In this case, the differential equation (E) becomes
Equation (E,) is the prototype of (E). Throughout the paper, we shall restrict our attention only to the solutions of the differential equation (E) which exist on some ray CT, ~13 ), where T > to may depend on the particular solution. Note that under quite general conditions there will always exist solutions of (E) which are continuable to an interval [T, so), T >/ to, even though there will also exist noncontinuable solutions (cf. [2] ). Such a solution is said to be oscillatory if it has arbitrarily large zeros, and otherwise it is said to be nonoscillatory. Equation (E) is called oscillatory if all its solutions are oscillatory.
Wong [18] showed that the conditions Another oscillation cirterion for the differential equation (E,) has been presented by Wong [21] , who established that the conditions (A,) and n>Z(A3) limsw,+, (l/t"-') Ii, (t-s)"-'a(s) ds= co for some integer sufftce for the oscillation of (E,). In [14] , Philos obtained an extension of this criterion to the general equation (E). More precisely, it is proved in [14] It is easy to see that condition (A4) is weaker than (A,) and that each of the conditions (A*) and (A3) implies (A,). So, Theorem 0 includes the oscillation criteria of Wong [18, 211 which have been mentioned above.
The purpose of this paper is to improve Theorem 0 and to extend it to the general differential equation (E). Our main result is the following theorem. Note that condition (F,) implies (F,) (cf. [12] ). Moreover, condition (A6) is satisfied when (A,) or (A4) holds. Furthermore, it is easy to see that in the special case of the differential equation (E,) the assumption (F3) holds by itself. Hence, our theorem leads to the following oscillation result: Equation (E,) is oscillatory zf (A5) and (A6) are satisfied. This criterion improves Theorem 0.
PROOF OF THE THEOREM
Assume that the differential equation (E) admits a nonoscillatory solution x on an interval [ 7', cc ) , where Ta max{ t,, 1 }. Without loss of generality, this solution can be supposed to be such that x(t) # 0 for all t > T. Furthermore, we observe that the substitution u = -x transforms (E) into the equation u"(t) + a(t) f[u(t)] = 0, where f(y) = -f( -y), y E R. The function f is subject to the same conditions as f: So, there is no loss of generality to restrict our discussion to the case, where the solution x is positive on the interval [T, CO). Set for t 2 T.
Then we obtain w"(t) = u(t) + [w'(t)12f'[x(t)] for every t > T.
We consider two cases where jp [w'(~)]~f'[x(s)] ds is finite or infinite.
Case I. The integral jp [w'(s)]'f'[x(s)]
ds is finite. We will show that lim w(t)= 0. 1-m t (2) Let E be an arbitrary positive number. We can choose a T, > T such that (4) it follows that w is bounded on CT,, co) and hence (2) is satisfied. So, we assume that Integrating the last inequality from T2 to t with t 2 T,, we find As E > 0 is arbitrary, the proof of (2) is complete. Now, from (1) 
Define
In view of condition (F3), we have c > 1. Hence, we can choose an integer k 2 max { m, 3 } such that k-l k-2-'
As k 2 m, it is easy to verify that condition (A6) implies that lijng-&J' (t -s)~ ~ 'a(s) ds > -co. 10 Now, for each t > T, from (1) for t >, T.
Next, by taking into account (7), we choose a constant p with
We claim that, for every t* 2 T, there exists a t > t* such that for t2 t*. (12) But, for any t 2 t*, we have
So, (12) gives
for every t 2 t*. Therefore, by using (1 1 ), we find
for tat*.
But, one has
On the other hand, (10) implies that pc(k -2)/(k -1) -1 > 0. Thus, (13) leads to a contradiction. Hence, our claim is proved and so we can which contradicts (8) .
The proof of the theorem is now complete.
